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1 

*<imw&mtz.&M*imzUi£ lx^ mmi i m«s io 

(Ott-Xy-t-si-j.-7'TJU x. , . 

umm) mmt&bmmmmtnmzm 
Ji£*u m-xyi~y*±-ytmw%&mt\± 

a-T^V^X,. 

<1S#W\-.*£#U f^x(i^tt^ffi£iJij£t-att 
X. 20 

«c «t -7T0fig$^^eM^Tft&i8i«2ia«^ 

[ f££Jl 7 ] Bjttffi&^tjtiFf&P 1-lOOnm-C 

y^-y-^j.-T'T/'C-fx. 
iH^JSTEtt^-.-Ky-fyf-a-rr/^x. 

mtmi i 3 tmmmw. tmttizmztix 
rr^» m&xmm*t>&& tih^< t t> 1 
y-f^wx. 

nti-tfyy-y r^-y^/u x, 

i mm 1 4 1 ^^tt^E$-«*-t£» 
fit^-<o*ript*^^6iii^ i wm-h-xyy-y * 

*.—y^r>Hx. 
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yTyfrbi&iiiih&ZK t i, 1 -ooTc^j^tfM-r-fli 

^TfcfcfKliflfc^XfcWU f&KXttf-?v. 5; 

yy-j^-a.— yr^Ux. 

^^ii-^y^y^^-ynmmxt^m^^ 
sumtmmmizx. ->x5.wzmmtix^m$m 
\.%M<7)i)-xy J )-y+x-yT ! mx. 

y+*.-y*:i!St. m~^y-t-y^-a.~y nmemt 

y+*-yTtMxnmmmkX'hr>x. mmmwz 
tthmt<mmmk$imz^ im<r>. mmzi^xjz 

^mmt^ij-if.yi-yi'^-ymm^mm- 
sis. Rvm~-*yfyi-x.-y&i&Mmzt}-x 
yi-;+*-ymjttttntt?hz\tz\mt-t 
hii-xyy-y+a.-yfi^'i x<r>mm.mi. 
[is^i8] m-#yyyrj.-7Bfm®*f& 
f&i-ziMtf. mmm&mizf&jm?miszt&in 
£3fU mt-#y-)'yi-p.~y&f6.mmzt;~-*;yi- 
yi-*-y£mtzxmmwm?$ffifrt**>-# 
yyy+x-yimisitzxmzii-i-znmi im 

mm 1 9 1 mm&mm&iit&m#i> t mtn.s<> 

Wzfi&SftfRt J: -i xmSgSKisV 3 ytz J: ->Xffli 
^im^T^-hynzl^^M:LihX1^^Xz^: 

#y+y+*-yTWx<?>*8mi}m. 

u 3 yjEr»t %bmxt> o . *^ga«fii-cffl iiubim 
izwmTZffiSL-tzxnw. mmst^vziymwyi 
fm&y* h^xbx-mmizim-tixm. .7 * v 
vvx bxim2iixu%\,ygL&%&>> y 3 ywfcm 
z^y?y7Lxim&W3yxw&&c!m$:jm 
*&xm. uy*hui?xh$miki?mmMmzmSi 

im?(rytt®frt>%i>MZjmL. ft\*X&7* VWJ 

xMri^t. $\%&\\xmm<r>tinfrb%hmzT 
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3 

* [mmm 1 j mmm&mm^ ummztmztvc 
<waws«fc* wii ut t & pur* s abom* 

7Tyfct>MiftiZ'J?%<b t> lo^tr^iftJfCfll 

Tm&ttt&7K>$i : &t:B&?&I.f2¥. MEM. 

^®twrai07^S^'S+tlgaiIfLi:IS!#mtt*iiui:S: 
V ?fyfrb]mftlh&%< t i> 1 -?££tf a-x£$j£ 

a? i $ xg t oiatc „ u $ tuztm 

[M$4|2.6] &Mfe£2.'0 0^1 10 01CT-5— 6 
StfftS<Kr< t l^<07c££&tfl8*JSl 8^2 
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[is^2 9] imm&<n%tt?ktf 1 ~ 1 0 0 n m 

T'i>SIBf«JB 18. 2 7241X2 8 WftU)>comiZffii, 
0 ] HWGB?<0tim&(2-~ 5 0nmt 

10 £&trE2l#5 0 0~ 3 0 0 0 P a?)<g!f£|*rc, l*Sffr 
£4 0 0-80 OraMfclUXg^trffi;^ 1 7 12 
«c9#-tfyf /-f-x~7f/U wmttm. 

i>loT*Sit*«3 iiea<7)^-,-Ky^-yf- Jl .-yf 

£3 2|fl«iO*-,-K>'-h/f- a -7'^y^ X<7)$a§;fr 
20 ffi. 

m&mftnWM&iztfm-m&zWimimMlzm 

iis««3 6 ] immi? bmnmmffib(?>Riiz& 

WSZHL. &#-tfyi-St*~7b^&1£&mb. 

t!S«Ji4 0 ] mAm^^Wi 1 1 -v 1 0 .0 n m 
T*ilt*?[3 5, 3 824l^3 9WV1^><?3!JS{caia 

50 (iS*«4 1] s ^l!Mm^<oa^g*<2- 5 0 nnVC' 



(4) 

5 

[I9*«4 2] fS*S* { 7/l'$*££tTiB*JS3 4ie 

[m*«4 3 1 mtmmm&mizm&.it:7fr 
tis*«4 4 1 smm&mtf. mmzmzhx 

•C««SnTt^il^34ida<0S ; F&aj$^. 10 

&-5rr$-*oJiTffi«$n-cv^f8*«44fet6^m 

[fS$JH4 6 ] SKgtf^ 'J 3 * *£&iB#S3 412 

[^*js4 7 ] iafss^sm^aii^ffi^&tm 

t H-WHfl*»^44«*!1 3 4id8<om7ftiiJ^f. 
/Pn-^A. r.+7\ *y*jUJWf$y7*?y*»6atf 

t oo dii ' . " ; ■ ■■; tv . 

=Ff> ^-74 ;->" o y x^jU 

it>j?*h afm ii£*ittik&yWizt?iil^ .40 

1 000 2] StotfMRi. Tl^V4.i£®&g* 

f^w^s . ' ' ^ • ' ■ - : 

[00 0 31 ''" 
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10004] £4>K2&>Rn(i. P ANHat^^tttf 
S&fcL8 0 6~1 4 0 OCTKSftU * LT 1 5 0 

o-3 o 6 Qxrrjflawsr««t£-c«6. c 9 lt*# 
10 0 0 5] cnt uawc, i£*&ji3 

/f-a-7*l«S 1 >umOT<9±£<0*a-7^>*m 
T'*>9. WBWOrfcOl: lTMjK*6flMB3>Pf0<f** 

W&thz. b i>hh . z.<r>n-i£yi-s+x.-~r\tt}- 
XyXKZtzefiMam*)!,*. **--/<?>±Ziz£ 

[0006] >Jr— Xy+J+*-7<^&&z\i^ 7-9 

WMmzwmt&nff-fmtzzixuhtf. conn/ 

[0007] l^-.-Ky^^ jl-^) 

7 r^r i 0 feaiu 1 /<maTo«m. 

tsfixxy&p'. &izmmt%m±&\ m&t. : xi- 
*y<r>6ftm3<o®tiWb{m¥ftvhztim*i-x 

y-f-y^-rh^xf. *-#y+si~j.-7commiz 
7^}V7 r x^*- ijf 

( 0 00 8 ] HRWt««|<o^-->r>r^/f- JL -7'(i§ 

itisyyn"7*^iy+;i-3.-7 {swurtk^t 
i ) tmti:. 6nwis<of ^-/i^tkM 
zjvt\*& tcoiiv/^^^-^yf-jL-r (mwn . 

Xy+J+^-VMShixhftliitttmKikfrizX 

^xhi^&kzkhtK m--<r>^<7)jtr-$y ! ts 
^~y<o^^^i^bii^t^zx'%x\^. 
1 0 00 9] zi\h<nij-Xy+y¥*-7<7>ftmzi& 
^zibibl bm 1 iz^fX ik%Z> . ® 1 (a)~ 

(d) «t»..£ffl^0{±^~7K^/f-.r-7'^»-iKy. 

-jfiyy r 4 a*-^ . 1 2 a~ 1 2 c}tii -iKy'+S * 
[ d 0 1 0 ] *-*y7 r -f 't-iiWrXZ < . Mz4 

mwt^wmammii^Cxi^\mi (a> izm 
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01 (b ) (nXoizi-x-rcnQMmttotzV'nX'B 

m(o&m { $>< tt%ixmw& { $>^. 
[oo i i ] r-^tt®£*TidSi <c ) idatXo 

ami <d) oipWiifc^o-cvv^of-jL-ytt^ 
[ooi2] ±iew*-^V-t-/f-ar- /ossa t UT 10 

i>r? x^^mm^kmrn^tix v \* . 

[00 13] Cw-ciift«W^3Sa(cov^tlTtfB 

( i. ) tmzm^&f&ttm 

X'f>i>.,Z<0X0^m±. C. E. SNYDER^t 
<kS International PatentOWO 20 
8 9/0 7 1 63 (International Pu 
blicat ion Number) KIi*6SiVtV> 

[00 141 ttz. mmxb^mmti ■■ 20-2 30 

0. : 1 A<&#X'fc *) . imi Fe^ F etMo^C 

:e. .tfxnm.it i i'S^s'.^l^.i oo s c c 

m . kmS:#trlgfi^XAi2,0 Os'cc m&£##±L 
< . «*&-7-^*XtTC3 6^l ^agST'*-^^- 

iood^.^ltft|K.*^.#^f-^y!©»« 

^liboAtti^il^-^y^aiw^^Ar-r 

. ...,'.~'; : \ V'-. . 1 

u --fefl^ug^xs-isiR^xt LT 1 2 opxre 

RES S b S WN T*<4j£$iti 3 b **J H . D a i 
('.Chemical Physics Letter 
2 6b . 19 9 6. p 4 7 1 ~4 7 5 ) ^ICfcot 

«S$fVCV4.. \v.".. :'.'-..v <• 
[0 0 17 ] -( 2 ) 7-?tt©£ ".. ■ . 50 
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r-^ftHSJi. I i j imatCfcOjBfcJtC&V^ 
it, gffflll. Nature (Vo I . 354. 1 99 
1. p5 6~58HcU|£$iVCUS. 7-?mmb 
It. TAslyi OOTo r rO^ffl^-C^S^^BS- 

2 0nmC0^ta©^i:ftt:^-ra. Z.<r>it-#V1- 
j.-^±jgg4~3 0nmt'fiS^li«m. 2~5 0ju 

[0018] y ftt* * -7*r i: . * fc*a- 

<DJHSBE«Mi0. 34nmk^77r-f hOSSgSttC 

(00191 ifcT. W. Ebbescn4>{i7-?ft 

"Nature" (Vol. 358. 1992. p22 
0~2 22) fcia«LTV>5. Mtff(aK&9ram. B3& 

LT*fl^&J:5£KKU MWftSOOTorr 
cogHM+fftl 8V, l OOA<7)T-:7iSt^£3&fe3 

[002 0] 5 0 0TorriaT^i^-!K>-^/f-J- 
-rogr&ti*"* < , 5 0 0 T o r rJjLtC t £tt<0£ ; 
IfiftUtS^i. ftj8^fr«05 0 OTq r rtzb£m» 

h. 

[0021] (3) P-f-i36a 
\s-*f-mmtT. Guo^fcJ:'}. "C hemic 
al Phys i csLe 1 1 e rs" (243. 19 
9 5 . p 4 9-5 4 ) liZn^ftX. ? fcfc A .The 
ss^. "Science" (vol. 273. 19 
9 6 . . P 4 8 3 ~4 8 7) tV-if-^at <fc 4 n— 
T«S WN T<04jft!:«& LT V% S . Z XOH^cOWmi 

[00 2 21 tr: oW i S-*»$^ 

#-#yn-yF£i&gU iMttArSrSOOTo 
r rSSfcLfcSt. ^ftt 1 2 0 * 
LXl&®<nl$i®<r>m*)*t> N d YAG 1^— f-$rift3l£ 

^<nr^^\z^-^y^J^PL-zf^m(t^ . z<ry% 

mt£iiKTzmmtzm&h-mb Lxit-mx-h 
*). tit. sYfNTwmi^xu-yvzizzv^&n 

[00231 mzii-#yi-s+?.— ~/<r)f&miz~?\,->x 
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mmffi&mitl. e" (Vol. 269. 1995. p 1550-1 55 

(tf-tfy-fV-^-rcOEffi) mkTli* u X>1- 3 ) fc^SftT^S J: 5 iztr-tfy y T 4 /<-<d l 

VKSm?*. [0030ia^ Walt A. de Heer£> 

• [0024] (1 . <i. "Science" (Vol.270. 1995. 

fi-#y-)-S + *-7'\±9&ktf9iMX\ aomme^tt P l 1 7 9 - l l 8 0 ) *> <fctf "Science" (V 

1fihht3h%rmt LX<»m%fflff&\ W. A. de o 1 . 2 6 8. 1995. p 8 4 5 - 8 4 7 ) 

Heer^Ji. "Science" (Vol. 270. £«fc 

1 99 5. p 1 1 7 9) X\ T-?tommTV}t>tLt:/i 10 $rtfgWd£. «/77 < iVf-ZmwXWfcHz 

fciT^Si: tfc. C^f6£T^f «l£*-*y* S . Z<&$,-£MimmffiHzW&t it-Xy+SI- 3.-7 

s+*.-7<?)tmb%iX^i>ff. icm' wMfcfrt, £^vai<r^. *Jt*QflrtS#-*y-rV?-;t- 

700 vhnstnfutoizx o 1 o o mAULt^kaijga :mffiS(;:4tta8A£v^< ; ®*<r>ti-xy±;+ 

[0025] £fc. A. G. Ri nz 1 er^li. "S [0031] 

cience" (Vol.. 269. 1995.,pl55 imWIffilLX o b-fhW&l *fffiittZ<7>mfflm 

i *£mtcjR !)WtT#tt£fF«i L^t # m.&m< ; 'mtiittisstiifrk Lxmwcm&izm 

rtitimo. 5uA(DmnikmtM^nfzt7f:iiix ms^^^^y^yf-^-yt^L, n-otk* 

[00 26] (2) STM. AFM yr-'U ^<0SJt*ffi^^fit-f ^Cl £^fe*&«fc'*- 

H. Dai^li. "Nature" (384. 199 S. 3gfc#38Bffl±. nTWtftltfZW gttt8f1g i f;R 

6. p 147) }zii\\xti-^y±/^x-7hsT ^fi^m.^thzb^mi-fh. 

Mi AFMAuJ2iBffl(coV)T«&t,T^6. ^-tfyf [003 2] 

MZlMWhl nnKOSWNTtC^^T^i. f-yT ( t t-^^tOT-^S^^co^-.-ky^/^-jL-r-fM*^ 

ip ) *^d<. Ltt^X'hzrz*>,m\<mm&#<o 30 xti. sm&3®£:rrsg«:. st/^^ttsnuKse 

arctiarcs. ^f-/^5^i ( 1 1 P ; c mm* 1 &74wm&.vxte*-#y¥s+*- 

rash) «5rV»aSW^ vT..( tip) J8^£>fl4 ^iffllifc'*-#,yf-/"f *-7T ! 'WXX'h-iX . IS 

[00 2?] (3Trt|^8tfft liitifv>sit*ttKHTit^ 

A. G. D i l l o n 6*ttSW,N'r«:iB'oiCkiCi-.- • tOOSS'Mftifc: T&$1-iV<ki/Va>*<& 

(&*mftfpmmX'Z b& *Na t u r e' (V ^f:i-7^Z^ft^0i 3 i^i'LvC ifcT 

oj ,386; 1997. : p377^-37?3 .fcpKU *5"*-fc*trR»i. WiBK8nMWi±trA'5=. 

*»\ &mwt*mmmm<n*m^&b txm fa n k'tzi'->x»t*tii . zCxzritzws^&ma • 

Ziixyyi. : r i-yy^^A^^K^9: ^y^^vy 

[00 28;] ?jMiffi*-xy?y+*-?afa* fy; ^ism^£hshz&%'< b % 1 ^>ir)M. ■■ 

^c^t : § ^t^t^is^^c^^^fc: [o 034] i^ue^e wtiuftt* di'^is* 

[0029] mm. i&nbLxm Lt-ib-r^ , *^ri.«*. xvs^e^^iioi^^jt^i^- 

^■(Cli, A. b. Ri nz 1 e r^li, "Sc i e/hc 90 «*^LTl>i*-.+ry^yf-^-^ffii, fe^^- 



(7) 

1 1 

m&cmtix^ ht)-x>+;*3.-7T>u zn® 
mmx-b^x. vmmM&G*i&fcom%&& 

■Fsj-j.-zrm.&mz/i-xyi- j *=---f*i&m 
turn mi z t zt®tt t <ot* h . 

[0035] !g£±!e<0fitt *m&.-th ZbOX'Z h%. 
TO* £ o iz-ftmSLX n6 * - # f- * - / 

&mmm&m£ Kx v >s z t iimt-t z to 

v+ ;+*-7<r>*mmmzi ixmwtzzkx- 
zi. *m%tLxi?&mnmtitim : ?ifcftm 20 

[00 37] ifcl^&SrT^S^tL^ii'UsyS: 
iX EMimmZt&ffi&.<?)ti-#y 

•r/f- 3.-7t>*4x $$)%&)i l zm&X'% 1 . ■? 

^ s T M5> a F M.^IJW^pi *)mUzi><n 
bKtl. 

[0038 1 Htia^tesA 1 , mwzmztix 
mb:ixmm&^mM^$^&w±*-$* 

[ 0 0 3 9 j *M^£kH*n*1fflSztoy\x. is* 
^nikti^iiitt^x&^tttmmiitixA-^ 50 
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[0040] 

imom&m&i *wizvm<zmrt*>. 

[0 041] 02 <a)~-(d)Rtf03 (a) - 

( d ) ««-^*^tc*>*>s^-^y^y f*-/f^ 

[OO4 2]022tf/03tSHvC. 2oum*. 21 
J±Sft2 0c0^mtt^iB3&«lfi!fr5M. 2 4iiSm%& 

t\ 23kmti-xy±/+*-7btm%&mzk<7> 
mzhhmmm-. *uc2 2te#-*y*v?-a 

-72 4«?£igtt£E2 l'VOfc^ (root)«| 
[ 0 0 4 3 ] 02 < a ) «i. g&2 0 JiCttSff^M 
f£.tZ!§2 1 nmiZlilimm&F 2 3 fcrtfC*- 
f-a-r 2 4^mtt*ffil'VO^^^{±|I$S2 2"teJ? 
[0044102(b) \mW2 0 is-a^ttftB*- 

. znmmti^iztmtm®.?2 3 st^lt^- 

y2 4<0#1EttacB^c6tS^a*Jili*M2 2fc<fc-3Tffl 
[0045] 02 (c) li»S2 2i:<ll^tt^iii 

^fliBSfs®2 1 kff4mm*h%h^mm2 .sjt 

HWtSftilMrCJiO* 4fcS2 (d) t±3?mtt*B*r 
W-T6Sft:2 0 fcP¥S2 2 h^S^^^S^Mf^R 

M25tiik$fti®ait^i». : 

[0046] . jjw>wr«i>-* w- /f-a-7;,k^ 

tti^fttS. . . . 

[0 04.7] 03«*-^Vt/f- a-"/*? h V^S? 

03*. 3 5iimmx'f>i. . 

[0 048 ] 03 ( a).{3^<0^mtt^®^fi£t 6 
®2 i^±^^ffiKfcB^I«^3 5>K , ). 4o± 

izmmm.^23m*). fojadasieta^ 2 3*^ 

'jfa-7lMt LX\ )ZMt:* tXS>&.. . 
03(b) JUfefti 3 5 fa-#irt./+ 

^mmtm&<DMm(zm^kx^imxh% m . 

3 ( c )|±^ttSffii&«fiE ; f6«2 l<0«ffii { tr5aj 
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< d ) iistt2 o . mmmzmztz® 2 1 , »g 

10049] c fcAoffrctigx h y^foiS&Winil- 

fltttflfcli 1-10 nmtf$£ UfeH~C&&v &8M 

( a ) m&x^w^&mizm 2 2 zm-tz 

x. 03 

(b j (c ) ^««-CAiflif/ifi2 2^«ftfe 
[0050] C<oa2&^3{c^L^ffij^{i-0fC* 

-r $1 2 1 i^^td^mm^hi) ; i^ssrctf 
«Sftfcian.-e&£. *lt 9 3<^stt^®tai?us 

->T. Si*^(c«LSat(ckiS tT V . 9 3(c 

jt7T«ojLKafc^$^ji^i^sT2 3 iwnxt 

C O O 51 ] 09 {Znto-tiv+y+^XTiUZ 

"i'SStt^fc^-ff^yy^ 

100 5 2 ] mim^iznxm2Q}M^x, 

miif®2 ( a ) «V^i03 ; ( a)^ ( c ) Xli09R 
1 1 .WE*U: J: 5 fc. ^(t^t^tti^iji 2 1 

fft\ Its 2 in&ite&f (M^aMife^fr / 

[ O O S'S ] i^02 l b r r ( c )\ 0 2 ; { d) j&i * 

( d 

'U*)zh\,\xiifW& 
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Xtli&ZtiX^hZbtftttiU*. ZZX'=s>Jziyt:± 
#t?htt®tl±. mUti'Vay. ®<t~>V3ya.V 
m& U 3 V ( S i c ) ^&>£SltftS4«5r< 1 1 1 o 

A ^HS^^K»)HOJ:dfc0ji)t^j < li:T. GUI* 

1 0 0 5 5 ] ZO J; 3 -.iO-J-y f-a-T^Smtt 

M%P>—fBW]%:rt?~~y7}fyz £*>Xi>f&fctti z t 

*WH)fCl!lli$ii/v:«fc3'5r«ife (05#gg) <nti-X 

--7^ (Al ) OPgffiSKk(Cj:oT(§tii.5T/U5^> 
^-'jny (s i ) «{®tEtog(cin-Cf#^,iiSx'J3y 

20 ti<iimfci' t J3y4i> i imizm^i>tiz. 

[005 6] A. I CO^gSft^t ji. i^a. J7S«0 

©ffi+t-A i p t m*fk& 1 1 4 o vgg<om 
ESrftiinu-cA i <mmzmctz>jm-X'bh. z<nu 

ffiTJi. A 1 <rmm\,zm.Wm. n 1 0 n itKOtfflTL 

w&iti. mm±m#fizm{£2iiTfr-ii~t %z . 
[0057] (ktmv^sizrtu^Am^ 
fcuctk, zfiffc$^&w&£®®£iku Zen® 
iza i ofsmttiM (Tfr$-t~m) tzm^tihmn^ 
iz#-tfyi-si-y.-7£im%&mfrt>i&&Zitt> 

y{Ti ) . (Zr) , ^^(Nb) v 

^^/P (Ta) : tuy-rV (Mb) , «,(Cu) R 
{ Z n ) fre,&tttl&&%<ti> 1 OOjc^^t- 

[0058] WW i<0«^tt^Tlimtt«iB^«L 
40 C X;- o f}^Xy*J.+±-7#m& 

m&zm'hm&\iz%>&frx^h. 

[ 0 0 5 9 ] X. '£*"±'^1MISTaWlitot«R-U 

(i i o-c . 09 fcfcuitiwi ; «hl rs 3 1 . vva^aa 

?L5 3^ka;t3fStt«iaS-^<1S«^ x *«1St^Bg 
£»#1-£&f4££tf>U 9*3 ^WW 1 *^ ki*-C# : 
S. %LT^OAX9 3"4JB?L5 3<0g^t«fttt^ifi 
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15 

(oo6o]*fc.si wmmit^msftx-s 

(0061] zz-cmtttm&t ucsraftxynys 
« ( p ms i « ) * fflEL . .i$«ntt^ y 3 >-3Hs« 10 
irffi-ffiflas tr x u 3 yx<iSNfci< y 3 ytfiiii§ 

C0062] ±el^#Ha lamma&s imm. 

Cv< .r tmt u>. tmt lx 
m^&ztax'Z mwmt u.-cjiv ( f 20 

e ) .... 3A/l/> ( C p im-yfjir ( N i ) #Wft> 

ft*. .... 

[0063] Xt LTJiWi.tf fi^ 

f5*n nra-1 0 nm v .#t(i2~5 0.nm<oeffl£ { » ; 

t&ZttfX'Z&. 

i 0 0 6 4 ] £ JOtt^ttJ^SS^F^n.^ffi^jiA 

i<f c o mm& : F*imt& *&&-c*>*uf , coso. 30 

.• 7H 2 ,0 = 5%v: ( H3 B03 =2%<7)mi&*X'im 

mmtm%£k.<?miz 1 svm&m®. ( 5 oh 
[0065]" ^^ttMmMim^imit^k 

e . c oxid i %ti£mi. lZ<»j^i%&i& 

[0066 i^^jfe^i^J^Siftili&i-^iRO 40 
ft..'. ttjp^tHH^ 

[ 6 0 6 7 ] Wi^..^fc^<^4^i^>>r. 

7-oWy. 7?y< /^y*y. X^tfy. X;£ 
try. r-fef u^j^/.^/i^iy, i/^o*v*# 
y^^^cp7Es|^tf^ >y4'"^y ^ h y . 50 
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1 6 

x^r/i'3-;u. y^r/i'3-/i'. -f&fc£a?§;# 

[0068] ztit>(7>'pxti t LtwHttstiam* 

fc&tmwmfrf^i^*E.iitz£'>xm : fm%h t, 

[0069] £tz/]-X>-t-J + *.-7cr)1&3g l X'i7ifSL% 
kv^jfifr6*i6txf-uy. 7-fc^-uy. HHHUK 

u. *fci&swxma«*<at^&^^, mat x<» 
m&&m&tfflbu^%&timx'*> , 9 . r/W3-y 

[0070] »te05lc^-f . ^SWc^S^-^y^ 

[007 1 ]05li. r/US^mfcffl^fc&S;*-* 

*£. i-f , 05 ( a ) t^-Ti 9(C W^-tfS i ?x 
^-»Rj:fc > .'Tl..Zr. Nb. Ta. Mo, Ciigg 

xa--/ ^ y ywftf^ni . 

[ 0 07 2] A 1 ^SgK^S^fet^S**:^; 

K£tmm&. . p t zm&t tx4 0 vtosEE^ 

an^-S.i:. Ell0fcjjcf«fc3fc:. fttoA l <^I*'#fl; 

&b^znmmtm±ix-mt^i. *<n&. aik 
®BHbwi*T-*:*..t. iWttWHfrwi^i^^ifiaF 
Lxnmkft£fc+i. m^w&mzm&tite 

klX. Ti. Z r . N b . T a ^(r^iM o SrJflV ^ 
^Wi v S 1 0. ( a > (csrt«t 3 tdMOMAS^i^ 

-*;jfmtt^iSS:«ij?-rS®^ C u^Z 
^«LfciS^fcJi. ® 10 ( b ) iz^ltzX a fc. I©fii 

(OO7 3J0!tf.l£. «Stt«MSrTi. Zr, Nb. 
Ta^>{lMq^^L^^#il4^ffi^«UcA 1 

1~1.0 nm^$^r^5f ^#itf Si ^.^flfe^ 
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1 7 

wc«S2 2 tmmi 5 1 m-mxm&zti*:* 

ktfXZl. 

[00 74] £fcS*«ttSlffi£Ti. Zr. Nb, Ta 

Sfc<<0!aiCA:x9 3£jBj^6£fc#'e£*. .r^KA 
9 3*4; ttflMfrptHL £©t£ffi*«tftt-*H8, 
M4T.L Zr v Nb, ta&UiMofcR£$'£tfi 
t ¥#fr->Xti 9 „, * U-CCO/ixiftgjKe J: otiS 

[0075] id-cAx^^^ftsafeij^^,*^ 
v a i .pm&tititizi ? t;*buwb* stir o< 

xitkx fffflk£.ft'>XA ^ #y*»^ift J:-5Ti©g 
mitzhtiA i&fttrimvxi^wzmiiiztiz 

fttWimZtiXiyZ . Z<hzki>t>. A ifgc^SSK 

[667 6 ytz^x^i^^^^m»tr^f 
turns 3ty0^^^m^^Hi^imf> » 

[007 7 1 f tX^IS*^^^^^5 3 i 

?*-7b0^^i£££ b~mv>ti£iit& inv- 
ito!) * 



30 
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1 8 

*lf200~l lOOX:, B5fgi±5~6 0###jiL 
[0078] 5Et»^ttaiig5: C u*Z n"C«j£L. IS 

w*. 0 1 1 it*?* 3im%&$mtz& 
xnm U:tt3£(*#ft htit . * ix z<mmmm 2 

#kCxm\*&Zk.¥X'%*>. 

[ 0 0 8 0 ] <fcv vCMI2 Ifcfi&fcffi WC#l?l* l=MW 

k fc i ->T® 2V 0 3" * S v^liS 9 te* LfclSSr;*— df 
[0081 1 ^-.-K^y^-^jS^i: 0fi<f@ 

4 fc^rf j: 5 3:Rj£§tjS£ fflv >Tff oZktfTZh. Z 
ZX®4l,Z-?\,XWmi-&. 04*4 UiRJK^St'ife 
0. 4 2(Jpfc 4 3fr'*^«lR«[-Cfc03S»:*^r 
-^Mfeffl^TV^S. 4 4{±if-p-y^<0KR^$: 

=3:6.1: aiI3ft^»iiki«|F i U>. 4 5{i*S^ 
5. • 

[0082] 46m'X(^m^y 4 >X'S> b % 

itwsjimrtnmM ? >rxm < 4 s ; liij^*^ 

X&&6 bX&hW. Zn&tlktinm Z*:=if.—t 

i oq;83] «^6vc^ zxim c^jiswr*>9 -c^r. 

Witf^^tdxf-V^f : B0R^X#A^44*>4 1, 
0 s c c inlSXU &%M&1iXtiltf^1lX<V#X 

j}0 OpppittLf. I^Ha^VTfcJ: 9SM 7 

oox:(cCT6o^Ri5s^s; . • ; l / 

[ 6 0 84 ] Ztii : ^^LS^-jK^f 

0 nra-HSl OiimtC^rS. ^--feT)* 

^mz^^m^M^^mz^ tx v)6© 



1 9 

#>. mmmm.%t lx t mmmx*>z> . 

[00853 
[0086] S&tefll 

( i ) mt ixm%mzttzs i <7±j\-m& 

Ci 9 T i 1 0 0 nmC^RU. / * »J y 
RF^Jj: 4Q6w. Ar#*#fiE: 5mm 
Torrt U:. T i #BU^. HtJiS^-C. 

s hi a i iz%ix\ m bxA--y 9 u yy&mz 

XA i mt&Z I'/umfggRU ®5 ( a 

[0087] JJtTiSIKfc. Zr. Kb. Ta. M 
P. Cu. Zn; PdititeAummi,Z%z_t:imit± 

[00 88] <I#t4><0Sft£:fr*0. 3 M^V^KSS 
SfcSigU 17rWfcfcU:£££tt£l©ffil::. Pt 

ix 4 o v^e^ wioLt a n<^mm 

£?*JI*TiK % Zr^.NbR. Ta&fi.l/MoJ8| 

y btz&«n.&m^->xiim i oti&ia ( a ) t-^l 

fc. -e<ora»io^-c&o)t, dCirCtt^O*«c5r 

[00 89 ] £ftfflg)^$fl^&iitec u &&& 

% nj&fc L7t&*^2S$HpVVtH\ ® 1 Outfit* 

( b ) t#L^.i 6iz^M^mx^ltz(n^mTL 
fc. z zX'Ztito&fc£?fr-7®<nmbkffc1hZ 

to 09 o ] mz$timUm&+&$i:P <*®&v 
AuKtL^Ar^s^fco^-te.ai onm 

[ao 9 i«'s'"acicO l£i^A^7^^<9Ki^9oaEff4c 

t £ b . ,.^/i^ra).<oiaM?.pv»-c«EI 9 (c^ Vfzi ? 

tc&fl&fu ^fcP7L53li^ySffi(c{ifi^LTl^ 
%i>^. fz. 

tt^S^flt^S^S (MitfT i . Z r, Kb. Ta 
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[0092] 771— 7QX0g&lZ-O^Xtt. mV&lt&ffi 

±.nAimitzmzmiz&kiz®tt.zii* ttzmn 

it®2 (a) (c^Uc±5»c»«tt^Ba(cit:'Ifl*fC 

[0093] ttzrju-TQommz-o^xn. #mtt 
tz. mn^mi&Lfzm^m^x-^ijK mmt$m 
io mmLLMummztixLz-ytzhntZiLhh. 

[0094] (2)Si'>iA-SMBtTi)S. Z 
r®. Nbffik TaMBCtmomt:&fSi.btz®5 (a) 

t^i^i««c^ije (.1 ) tm&nzixfmuz. zti 
o. 3Mff)~/ J .'7tmmzimL. 17 
wzffltfLtzttmftzismiz. pt£vmi,zLX4o 

1 0 izti\*xm& < a ) x'm-f%mtttM8&)m 



20 tz. z\HA,crmm?tl'-7®com»km-&Zkl l zT 

[0095] yn~-7®<7>mii l z^\\ximm'%¥mt 

®*m^X*0)mf$.&MtfltzkZ6. 7)V-7<ton& 

wzftMzffltzti. ttzmn.5 3{mm&mwm 

titz>*xiim&ti%fr'>tz. 

[0096] <k{Z?fo-7(S>Rlf®<?)g:Mz^>X . «l 
30 *>CoS0 4 • 7Hj 0 = 5wt%, H3 BO3 =2w 

fr^ffli: l/ORlSgL*:. -e«*£*^/l--y©<0S»:t 
o^TJifi- 1— 1 . 5V-C*o^<otcJtL, ^/P- 

r®comiz^ix^tzi£W)'-ixj)wn.8$kmm; 
am k m , m?)ft±.izMgz®£iz%tz ix \ z. 

40 [0097] (3) ±B(1) SO/ (2) XW%Utz<D 
k m t1rmX'?>U-T<D* 0&V®^)S*«rfflS Liz.- <■ 

m^^^^mdmzmMm^^^i&tm 
'■ x-mttz. mtLZftSLitzmzc oso 4 ■ 7 h 2 

0 = 5vyt%. Ha BO3 =2wt%<p^S«fc«U . 

1 5 vnmfc (50 Hz) n&z®mwm: h r k \z 

[0 0 9 8 ] <ktz®4 izirtJ: 0 ^E^Srt-C/r-^ 
50 «S«c£-EJ^|S«|Jk:iiffiL. ^XSA'S : 4 5.^MdK' 
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1 0 s c c mSALTK#g»l*3<9tt*£ 5 0 0 
4 0 0~8 0 0t;tL^. 

too 99 1 a&mssutMt. m^f^mx^44^ 

t>*9y^s.+\,y^ 7*.+\,y, -gHfcHSI. ttdtt 
Ky-ZXDmm'Z&to 1 0 s c c m$ALTKfS£S 
rtOff*£lOOOPafcLT2 04HS!fcftU:. 
TI^»5^r^jgLT. XT^0»ft£rXBfL«fft.- SIR 

[0 100]JX9aiU:£«tf>2lffi£FE-SEM (F 
ield Emission-Scanning El 
ectron Microscope: igJMfttf}j£a3I 

[0101] fc-«f U' * 9 >tfV-x/fx<?>&friz\t . 

yffiy -^awnfeizteii-ity+j f- - -y^st: 

■oT-vvfe. i]—fcy+j f- J L-7'<ojRft«jSiaSli N - 
8Nfc0t#* r-t^w^, xf-i^y, ^v-fc*>\ x?y<t> 

1 0 10 2 ] ^*Ut^-^i-yf- J L-7'T^''f x& 

yi-S+h.-7T/U x£M&i-*yji-mz&Sil. 
*f|6fil&£«ft fc fffrao««>t 0 . 1 mmjg Lfc 

^KKS'ta; rt-LXI-v'yrf—ftil Or « To r r 
fcftftltetfc.' W|Sl1i«itciE<0lEE«-WftibTV>S; * 

[ 0 16 3 ] iKimtHi IX #«tt£iii£#f 
f-*-7fclMfrU *^Xy+/+j.-7fflS&J8fSLl, 

i^^^^^nii-if.y-i-j^^-r^)^ xiz < 

[ 01 0' 4 ] ^feS., ®&tf©<a#-;jf 

ft&Mmtimzmi tv>; 20 0 vi«Die<o^gM 

^Skt-WtifeZtiX . flojfl>-«K2ir)- /f a -7*q| 
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[0105] d<0d i: A»^*^a<Or^'>f Xl&fftai 

[0 106] (4)±i£(l) -ca^L^cot^t^ 
r*^P-r®<D»«cS-fflSLjt. CKOgfcfcm :He 
= 2:98 (ftfttt) Oil^^-C5 0 0X:tl^|f 

»smtt:ut< ±ai ( 3) bnauctr^-iK^yf- 

T/WX«rffll,>TlJe (3) fc^aitcLT^&aiftS- 

«6Lfc:- *<n&%±.§i (3 ) TSI^S/iyt:. ^/i— r 
<Smm&R^Xim Lizt-Xy-)-; ^-y?,^ 

mmttatKmt&m^xim Ur*-*^/?-* 
*. 

[0 107] 3li&0f2 

s. $^itmmzm:£Lxm&LKs i^xa- 

£&£Jfl<rV RF£7cX>*-y?Vy?&;&£*). £i*C 
oK^^*J;tK@[0. 1 ju m|£KL^ RtgSrt 

^esta£Ki;TAi/'co«eiii^f^gL^. ^^r- 

X't9 4"jy^«ffttRF«ft4Q0W; A r = 5mT 
[0108] ijCfcl^<OS«cS- 0 ; ^IKgffife 
fc:LT4 0 VEpJnLA 1 RS-|©^ISKkL/i. SBE^ftitc 

ttfcft.*. A 1 KtOK^^Tf s t an^TflSiOC o 

®Sft^»T$-t«:. Cl^)|SI|!j2^Ha-p*o>i. 
[0109] i<6«I?fLcOJt$:Cjf SfcftfC 5 w t %g£ 
<^V>^»» , Pt:4 o^^t))tatclSlOifJ-ri:^iS(c 

mtftttiitt. ttzzmmizx *xmj&&izTi6.<r> 

fc. ^" ; . ■ ". : , - ^ . — -'O ' • 

I G 1 1 0 ] &fc£<9^£B4 K^gOSg^KlS 
St. 4-fl«filEjit5 i^X«A«4 5 
«: 2 0 s c c m^X t T^RIfSrt^Eft ft 5 0 0 Pa 
izVfz. LT*W-8i7^7-tr^ri;T«f*a«S: 6 0 

[0111 ] i&mJm^LtiUt. ®mx : Ji1-uyZ ro 
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%*~Qm.Ltz%&mft*jXZ2 0 s c cmSSALTR 
B&8fi<r>E.1]$ 1 0 O OP afc IX 2 Otiffi&ftL, 

[01 I 2] t|A>ll^i^^«Bi^FE-SEMfc-ca 

£>fifc. ^Oifc^t^+t#?«-5ll«»illteMl 
[01131 %WzH--Aiyr J 1-^.-^7^ ^<r> 

EUt. -e-UC-f-A-yA'-fl*: 1 0- « To r rt»^ 

[0 114] f^&jfefti 5ovemnu**^>&ai€jS*< 
rsi* *ui ty>, 200 vwtmwifciiimfcmzmfam 20 

t>*KM>T'M zaKHiiimt Lx+fnamtn 
[oii5j 'ntfcfl 1 nii-$yi-;*x.+7im»x 

mLtz%m&m?ktmixiwnmtf'i^*% 

tfcti; *-Xv+;+±-Ttfkmz+m£Z1xXU 

b'tmBk**.t>Hi: . , 30 

[0 1 1 6]Ht6W3 

x«[*ikBflafcia4 nmmmmi: m\ *xmw+ 

S. ; X 

[0117] Sftfc LTfl^fc (RmmHS 100mm ' 

*>{c p Ms i mwtoB^k i mm i u mf&mixfr 

( 0'i 18]* LTSfj&Mft" 1 0%. .•r^a^/l' , 

ttti&vii ofcggLTA 1 Wfrt>m&ik*t:. £tz 
®&<tfS#f<7)$.%mt& 1 OmA/c n»2 fcfcfcj: a 

i&gu:. tLxmmpmtzmtzmtiiv. ne* 

06 ( a ) C^T«t.a JSrSn raHK 1 OnmfOfflfljWg 



[oii93 z<r>m&KmmizB.&ixn£&i 

0- 6 To r rd£fr«i'?X£9lft U ±ffil::ffi|j»ii 
&3£*SH=J:OFe£0. 3nm|£gU:. *L-0££ 

ts«csr 7 o ox:tTnmtxm^m^ 

[0120] »:tcc:«os*Sr04 (c^-r&J5Kgf}«(c£S 

EU i-f #Xi$A«4 5j(K:>*#;yx£ 2 0 s c c m 
*ALTRjK?S5grt»fiE^tr5 0 0PalcL^. *lx 

Kd%£L^tt. xf-l^S^ Oscc m^ALTRJC 
$Srt«ffi^j^2 00 0 PatC l/C2 0ttfg##U -E- 

5 yrmLxxx&tetim iiztmtm 
mmmz ix^m^i *&*iz& •) as u&-*y-r 

( o 1 2 n i&mmmmttnzc o, ni« 
t* p d iz^iKWHiiMitmtzLx f- 
a -yf/Wxtfl!KLft. cti^4saco^-^y^ 

/fi-yfA'-( Xtf)£lBi£- F E - S E M£TtH£Lfc 
te&fcLTFe. Co&tfN i ^VVtT'M 

lf&*-#>i-S1-*.-ye>f$.m±libA,b'$lt>ti.%fr 
[0122] J&i&fcF e . C oRVN i t&fflv>T^«L 

^Jfi05lt^I«(cS«cfc:iifii$-Wt^^S.f-^>' 
A'-rttC^SL, mRt^mXR-Mm^O. ,,1 mm 

* 1 0- a To r rt»fML^^(Sjmffil:iE<OlgflES- 

[01-23] -e^n, i!;i o oymmp^m^wcib 
xy+/**-7m£mzittz®tsmLx 1 o«g 
[0124] ^fiii*-«-Ky^y f-A--/*{tgffifc+# 

zzb-mmtvk. 

[0 125]SeStW4 

vW&rMZ; 07<orn-txgSgli^|i:ia4<OSS 

[0126] tvmkx'hhmks 

7 ( a ) CiX. 5lZUi?X h7 1 (A.fXhm,AZ) 
S-^tf^-fcJt qo. 5 - l.jum<0KJ5"CmffiL . ~7X 

^m^xxjv^bf^s^^^^zxn 

fflKUT P JbO . 1 - v 1 u m (-^^5 y ) <0 
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>?LXS i»>xA-tL?v7 2 5:fHRLfc. Ctf)fc 
x y f-y^&ffij S F 4 5 P a . R P/ty 

5 OW^JMMni 

[oi27]^. ^^sft^et^sMs-^stss 

N 16* (ffljfcitl : 1 ) £ 1 nma*3£ttHLfc. 

7--A-IXC o— N i SKfcjft^j^fnKttfft 10 
LTH7 ( c ) aMIHnnkT7 3 fc'bfc. 
[01281 Jtti, £<9^£04l3j^O5gg*fc: 
MU : t-f#xmfiM4 5*><i>*a&tfX*r 2 0 s c c 

•c#^ai5yr«:itfl-L-cs*sss-7 0 oxstu @ 

Ktfgfetatt, SS9 0%««?<0T-tf-UV^rx5:2 
0 s c c m&X LtEJ£§!$f*|<0£yj£ 3 0 0 0 Pafc 
LT 2 OdHSHMfrLfc* * LT*W*9 >r£ m LX . 

10 12 9] ttfefr£&fte>386£F-B - SEMCTR 

•aiufcfc'c*. ®7 (d) \z^ti:o{zia2^<nmk 

mtiS-f-2 3'iH«»«.*-#^yf-* - y 2 4 #kft 
0 natSiiifc. 

[ o i 3 o J 'n^tifzA-Tny-f-y-f-jL-y^u x£ 
fflHH^&tiftcttE* s tm , a f Mmmsmim 

m; a FMSl<o<l)iw-4cytyf a-y t i P ic 
J: *&#frB«a^itfi*. 30 
[ 0 131] iftliKSfcHiftfcrt-tfWVf- 

[0132llQt«5 

[ o i 3 3 ] siraastai t <i±ie»tt<os^8 oifc 

«&8 t ■ .£-'2*JMftU «ffi8 lti)RKt;T«?L£fr'-' r 

^&&£t2 2*>r;i>$ ^r*<08 < b > ff)ta yjt&fe 4> 

[ 0 1 3 4 1 ifc . ifflfLrt t(itt«Ei@a^2 3 >#*X 
5*U *^^/^i-^2 4ti«BKi®^^ffiA* 
tft^b; >>-#^^^i-7'2 4ttiBg8 2Jbfct 

£eBftTiJ£; ^<oio*-«-K^-yf-k^24i:li*E 
^8 7^LT««$nTV>l.. ffi»Jf87iii:OTi 
IS2 2±tr|l|fe»tt3-MS8 34ttff^T»«; * 

Tti 9 , ± ->TW&8 1 £-«S8 2 raii«S8 1 -RS 50 
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(7/i-$-*-e) 2 2 2 3 ^/ 

f-A-r 2 4 -|g»JI8 7 -mS8 2«0JS-C«g3il.T 

[oi35] iMmtf&irriT'W x^^swtt 

^SHz«*'\U'>A^{C}fALT4KiT^fflL. «8 

ttffimnftem$#ub. cn{i*fKBcoT^Mx^2 
[oi36] ¥mtMwizmzi&mamL : ?&m£iz 

[oi37] ^coj; o izim<?)!&mm.&?t:mm*t 
Mmm&.?$&'<mmLXf£L&zitzztm£ l 

[0138] •ifc*-.3jfV^-yf-jL-7'*«Sk LTJS 

[0139] *m\<7)*r-#>1-s*f~*--7T>U A 
^l.««5:WtT^S^r{Cloc7)»aSr^L-CV^. * 

ix » zffix .5&ffi£*4r*-«-?A4 xumw&m. 

«; *-#>i-;i-jL-7n£&mm£tym&PX'& 
'vzmzmtm.Rtiz tizx^xmtiz k#x-z 

SZktfttl. 
[0140] 

immfk) ( 1 > n&tvtkmzmitzti. 
-x>i-y **-7ffzwzmki!krzBkttZT'U x 

( 3 ) fl^H»T'floK|£<0*S STM-^AFMIfco^ 

( 4 ) ii-X^Jj- *—7ttnmj&iMin > **>t' 

[014 1] (5) fttC*f^C*^^-.-Ky^>'f-; 
i-^-f/.NVxfclULT. »«t«ii'i'i. Zr, N 
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[0142J (6) itemtixpmsiwnimfc 
tm^ttir. p dsiimttt&itoRtzz. tx-s i 
^fts i mmz x^xmm^ti^mimiiiMp 

[0143] (7) m$stmt/i-#>-}-;**-7 

(8) &tit-Xy¥y+±-zftm%&mat<ni&5 t 

tu xii. m v y^i^uxmimti kx-m 
(Hi ] *-#^tyf-*-r«^rw^ifcttwiHa 

T*9. (a) tt$£ito*-#v?.r4/<-. (b) 

A-y, (c ) liv/HF-**-^ -fVf-* 
-7\ ( d ) ll^y^A^*-^ (i]-X>) i-Jj-ji 

[H2 ] A-#yi-;+sL-7T>UZm&Zni-m 

*mmx'$> 9 . < a > mtt«B«flw^« 
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Abstract (Basic) : EP 913508 A2 

NOVELTY - Carbon nanotube device comprises a carbon nanotube bound 
at its root end to a conductive surface and surrounded at its root end 
by a wall. . 

DETAILED DESCRIPTION - A carbon nanotube device comprises tiarbon 
nanotube bounded at one end to a conductive substrate, the root of the 
nanotube where it is bounded to the substrate being surrounded by a 
wall. Preferably the nanotube is grown from a catalyst particle 
deposited on the conductive substrate which is in direct conductive 
contact with the substrate, or forms a tunnel junction with the 
substrate via an insulating layer. Method for forming the device 
comprises: forming carbon nanotube binding sites isolated from each 
other by walls on a conductive substrate; and growing the nanotubes at 
the sites . 

USE - As an electron emitting device (claimed) for a display 
device, CRT etc; or as a quantum effect device, micro-machine, 
bio-device or as an atomic force microscope probe or scanning type 
tunnel microscope p%)be. 

ADVANTAGE - The device has high directivity and provides high 
electron emission. 

DESCRIPTION OF DRAWING (S) - The drawing shows a carbon nanotube 
device of the invention. 
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Conductive surface layer (21) 
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Carbon nanotube (24) 

Wall surrounding the root of the nanotube (22) 
pp; 30 DwgNo 5A/15 

Technology Focus: 

TECHNOLOGY FOCUS - INORGANIC CHEMISTRY - Preferred Carbon Nanotube 
Device: The catalyst particle is a metal, preferably cobalt, nickel or 
iron of particle size l-100nm preferably 2-50nm, deposited by ac 
electrodeposition . The insulating wall is formed of alumina and 
comprises an anodic oxide film formed from an aluminum thin film formed 
on the substrate- The substrate material includes at least one of 
titanium, zirconium, niobium, tantalum and molybdenum which may form a 
conductive bridge between the. catalyst particle and the conductive 
substrate. The insulating wall may alternatively contain silicon. The 
device comprises multiple nanotubes. Preferred Methods: The nanotube is 
grown from a catalyst particle deposited at the binding site. An Al 
film is deposited on the substrate and anodized and a narrow hole is 
formed in the resulting alumina film, either partially through the film 
or fully through the film to the conductive substrate. A catalyst 
particle is deposited in the hole and the nanotube is grown from the 
catalyst. The substrate is annealed in H2 and/or an inert gas at 
200-1100degreesC for 5-60 minutes prior to deposition of the catalyst 
particle. The substrate may alternatively be formed of low-resistance 
silicon, the narrow hole being formed in the substrate by lithographic 
patterning. The nanotube is grown from methane, ethylene, acetylene, 
carbon monoxide or benzene and hydrogen at a pressure of 500-3000Pa and 
temperature 400-800degreesC. 
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